Background-It is unclear whether teaching status or day of discharge influences outcomes after a heart failure hospitalization. Methods and Results-We evaluated adults discharged after a heart failure hospitalization between 1999 and 2009 in Alberta, Canada. The primary outcome was death or nonelective readmission 30 days postdischarge. Of 12 216 patients discharged from teaching hospitals and 12 157 patients from nonteaching hospitals, 20 524 (84%) discharges occurred on weekdays. Although they had greater comorbidity and used more healthcare resources before their heart failure hospitalization, patients discharged from teaching hospitals exhibited shorter lengths of stay (adjusted 
H ospitals typically reduce both staffing levels and the availability of diagnostic and treatment services on weekends, which may impact patient care. [1] [2] [3] [4] [5] Notably, in-hospital mortality is higher in patients admitted on weekends for several medical conditions such as heart failure (HF), pneumonia, and COPD (chronic obstructive pulmonary disease) exacerbations. 3, 4, [6] [7] [8] [9] [10] [11] [12] This phenomenon has been termed the weekend effect. Whether patients discharged on weekends have worse clinical outcomes has been less well studied. 13 Although daily discharge rates on Saturday and Sunday are lower than those for the other 5 days of the week, 13 bed shortages and hospital overcrowding have increased interest in maximizing week-round discharge efficiency. Given that the proportion of patients discharged on weekend days is likely to continue to increase, assessing the risk of weekend discharge on outcomes is of paramount importance.
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HF is one of the most common reasons for hospitalization and has a very high 30-day readmission risk. 14 One previous study in patients with HF found no association between discharge day of the week and 60-and 90-day death or rehospitalization rates. 15 However, potentially important prognostic factors, such as urgency of index admission (elective/nonelective), intensive care use, treatment by a specialist, and healthcare use within the previous year, were not examined in this study, although all are now known to be important for adequate risk-adjustment for postdischarge outcomes. 16 In addition, the only published study did not examine hospital teaching status, a potentially important factor for postdischarge outcomes. The literature examining the association between hospital teaching status and outcomes is conflicting, 17 although most studies have focused on in-hospital outcomes and only a few have examined postdischarge outcomes.
Thus, we designed this study to compare postdischarge outcomes for patients with HF admitted to teaching hospitals (versus nonteaching hospitals) and discharged on weekdays (versus weekends). We hypothesized that both teaching status and weekday discharges would be associated with lower adjusted rates of 30-day death or readmission, and we hypothesized that the best outcomes would occur for patients admitted to a teaching hospital and discharged on a weekday.
Methods

Study Setting
The Canadian province of Alberta has a single vertically integrated healthcare system that is government funded and provides universal access to hospitals, emergency departments, and outpatient physician services for all 3.7 million Albertans. The study received Institutional Review Board approval from the University of Alberta (Pro00010852).
Data Sources
This study used deidentified linked data from 4 Alberta Health administrative databases that capture all hospital, emergency department, and outpatient physician office visits. The Alberta Health Care Insurance Plan Registry tracks date of death or emigration from the province. The Discharge Abstract Database includes the most responsible diagnosis identified by the hospital attending physician, up to 25 other diagnoses coded by nosologists in each hospital, the admission and discharge dates, and the acuity (elective or nonelective) for all acute care hospitalizations. The Ambulatory Care Database captures all patient visits to Emergency Departments with coding for up to 10 conditions, and the Health Practitioner Claims Database collects all outpatient physician visits and includes up to 3 diagnoses per encounter.
Study Cohort
We identified all Albertans discharged after hospitalization between January 1, 1999, and June 30, 2009, for a most responsible diagnosis of HF using The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 428.x or ICD-10 code I50.x, codes previously shown to have high specificity (99%) and positive predictive value (91%) for HF when validated against chart audit in Alberta. 18 We only selected each patient's first discharge with the most responsible diagnosis of HF.
We a priori defined teaching hospitals as the 8 hospitals in Alberta, which had Royal College of Physicians and Surgeons of Canadaapproved residency training programs in internal medicine or cardiology; the other 93 acute care hospitals in the province were classified as nonteaching. In a preplanned sensitivity analysis, we restricted analyses to discharges in July of each year because previous studies have suggested that the influx of new housestaff with limited clinical experience at the beginning of each academic year is associated with decreased efficiency and poorer outcomes in teaching hospitals. 19 In essence, this sensitivity analysis attempted to control for the presence or absence of housestaff by exploring that time point during which they might have least positive influence on outcomes.
Outcomes
Our primary outcome of interest was the composite outcome of death or all-cause nonelective readmission within 30 days of discharge (ie, not including in-hospital events before discharge); hereafter, we refer to this as death or readmission. This is a patient-relevant outcome that is highlighted in the Affordable Care Act and advocated by the American Heart Association Get With the Guidelines-Heart Failure (GWTG-HF) project; moreover, there is a validated risk-adjustment model for this outcome. 16, 20, 21 Secondary outcomes of interest included 90-day rates for the primary composite outcome and emergency department (ED) visits for any cause at 30 and 90 days. We also explored these outcomes at 6 and 12 months after discharge and HFspecific events (death or urgent HF readmission) at 30 and 90 days.
Other Measures
Comorbidities for each patient were identified using ICD-9 and ICD-10 codes from the Discharge Abstract Database for the index hospitalization and any hospitalizations in the 12 months before their index admission, a method previously validated in Alberta databases. 16, 20, 21 We also recorded health resource use in the year before the index HF hospitalization and prognostically important features of the index HF hospitalization (including length of stay, intensive care unit requirements during the hospitalization, and treatment by a specialist during hospitalization). 16, 22, 23 ED use in the previous 6 months was recorded because it has previously been shown to be a risk factor for early readmission or death in patients with HF. 16 The LACE (Lengthof-stay, Acuity, Comorbidity, Emergency department use) score, an index for predicting unplanned readmission or early death postdischarge previously validated in Canadian administrative databases, was recorded. 16, 24 Physicians were classified as specialists if their Alberta College of Physicians and Surgeons specialty was internal medicine or cardiology. Patients were classified as rural based on the postal code for their residence in the Alberta Health Care Insurance Plan Registry file. 25 
Statistical Analysis
Patients were classified into 4 groups based on whether they were admitted to a teaching or a nonteaching hospital and discharged on a weekend or a weekday. Weekend discharge was defined as one occurring on a Saturday, Sunday, or a statutory holiday for hospitals within Alberta. We hypothesized that these 4 groups would represent a form of dose-response, with weekend discharge from a nonteaching hospital the reference group for all analyses.
Comparisons of baseline characteristics between the groups were performed using χ 2 tests for categorical variables, and the Wilcoxon rank-sum test or ANOVA for continuous variables (when comparing median or mean, respectively). Cox proportional hazards models were used to compare the impact of discharges on weekends versus weekdays for postdischarge death or readmission. Analysis was performed for all hospitals, and then stratified by hospital teaching status (teaching versus nonteaching). Multivariable models adjusted for the following variables: age, male sex, length of stay, index admission, year of admission, 26 Charlson comorbidity score, 27 number of ED visits in previous 6 months, number of physician office visits in previous year, number of specialist office visits in previous year, rural residence, intensive care unit stay during index hospitalization, specialist consultation during index hospitalization, long-term care admission during first 30 days after discharge, previous myocardial infarction or revascularization, diabetes mellitus, dementia, atrial fibrillation, hypertension, chronic obstruction pulmonary disease, anemia, cerebrovascular disease, renal disease, cancer, and peripheral vascular disease. The interaction between teaching hospital and weekday discharge was assessed for our primary outcome and was not found to be significant (P=0.55 at 30 days and P=0.66 at 90 days) and was not included in the main model. Adjusted hazard ratios (aHRs) were presented with their respective 95% confidence intervals (CI). We report 95% CI around these effect estimates, but we also examined 83% CI, as 2 point estimates whose 83% CI do not overlap are statistically different with an α error of ≤5%. 28 To account for potential correlation among patients discharged from the same hospital, in a post hoc sensitivity analysis we reanalyzed our primary outcome using Cox Frailty models and treating hospital as a random effect in the model and assuming a log-normal distribution for the frailty term. In a post hoc exploratory analysis, we examined differences in length of stay between the 4 groups using Poisson regression models to calculate covariate adjusted length of stays to compare between groups. The Poisson regression models exhibited signs of overdispersion, which was adjusted for using Pearson's χ 2 statistic to estimate the dispersion parameter. All statistical analyses were performed using SAS version 9.3 (Cary, NC) and R version 2.12.2 (Vienna, Austria).
Results
Patient Characteristics
During the 10-year follow-up period, 24 373 patients had ≥1 hospitalization with the most responsible diagnosis of HF and survived to discharge ( Table 1 ). The mean age of this population was 76.3 years of age, 50.2% were men, and 25.7% lived in a rural area; 49% of patients with HF had ≥1 hospitalization in the previous 365 days but only 325 (1.3%) of these patients had a previous HF hospitalization.
Teaching Versus Nonteaching Hospital Discharge
A total of 12 216 patients with HF were discharged from teaching hospitals, and 12 157 adults were discharged from nonteaching hospitals (Figure 1 ). Patients discharged from teaching hospitals were younger, less likely to be rural Numbers are n (%) unless specified otherwise. COPD indicates chronic obstructive pulmonary disease; HF, heart failure; ICU, intensive care unit; IQR, interquartile range; and LACE, Length-of-stay, Acuity, Comorbidity, Emergency department use.
residents, and less likely to have been hospitalized in the previous year than those from nonteaching hospitals. However, they received more outpatient care before admission and were more likely to see a specialist before and during the index hospitalization (Table 1) . Although crude length of stay was ≈2 days longer for patients in teaching hospitals, they were more likely to require intensive care unit support, and they had substantially higher comorbidity burdens (particularly diabetes mellitus, hypertension, atrial fibrillation, and renal disease; Table 1 ), such that after adjustment the length of stay ratio was lower for teaching hospitals (adjusted ratio, 0.83; 95% CI, 0.80-0.86). Patients with HF discharged from teaching hospitals exhibited lower rates of postdischarge death or nonelective readmission than those discharged from nonteaching hospitals both at 30 days (17.4% versus 22.1%; aHR, 0.83; 95% CI, 0.77-0.89) and at 90 days (33.0% versus 39.0%; aHR, 0.86; 95% CI, 0.82-0.91; Table 2; Figure 2 ). Similar patterns were seen for ED visits ( Figure 3 ) and for extended follow-up to 6 and 12 months (Table I in the online-only Data Supplement). Although there were fewer events (and thus the comparisons were underpowered), analyses restricted to HFspecific readmissions demonstrated a nearly identical pattern CI indicates confidence interval; HF, heart failure; and HR, hazard ratio. *Visual inspection of Schoenfeld residual plots suggest satisfaction of the proportionality assumption required for Cox Proportional Hazards models. Harrell's c-index was calculated to be 0.6 for the adjusted models.
†Multivariable models adjusted for the following variables: age, men, index hospitalization for length of stay, nonelective index admission, year of discharge, 26 Charlson comorbidity score, 27 number of ED visits in previous 6 mo, number of physician office visits in previous year, if seen by specialist during office visit in previous year, rural postal code, intensive care unit stay during index hospitalization, saw specialist during index hospitalization, long-term care admission during first 30 days after discharge, previous myocardial infarction or revascularization, diabetes mellitus, dementia, atrial fibrillation, hypertension, chronic obstruction pulmonary disease, anemia, cerebrovascular disease, renal disease, cancer, and peripheral vascular disease.
( Table II in the online-only Data Supplement). Although there was a trend toward better outcomes in all 4 groups during the study period (1999-2009), the outcome relationships between teaching/nonteaching and weekday/weekend did not vary over time (year of discharge was included in the multivariate adjustment). Our post hoc sensitivity analysis using Cox Frailty models demonstrated nearly identical results (Table III in the online-only Data Supplement). Of note, we estimated the intraclass correlation coefficient for within hospitals at 0.002 for our primary outcome (using a generalized linear mixed model).
Weekday Versus Weekend Discharge
Discharges were more common during weekdays: 83.9% in teaching hospitals and 84.5% in nonteaching hospitals ( Figure  1 ). Only 2% of weekday discharges occurred on a statutory holiday and, for the purposes of this study, these discharges were considered weekend discharges. The mean number of discharges with HF as the most responsible diagnosis in Alberta were 7.7 (SD, 3.4) on weekdays (ranging from means of 7.0-7.7 between Monday and Thursday and 9.9 on Fridays), 3.1 (SD, 1.9) on weekends, and 3.8 (SD, 2.5) on statutory holidays. Patients discharged on weekdays were older, had longer lengths of stay, were more likely to be discharged to a long-term care facility, and had more comorbidities (Table 1) . Despite their adverse risk profile, patients with HF discharged on a weekday had lower 30-day rates of death or readmission than those discharged on a weekend (19.5% versus 21.1%; aHR, 0.87; 95% CI, 0.80-0.94) and lower 90-day rates of death or readmission (35.9% versus 36.3%; aHR, 0.93; 95% CI, 0.87-0.98; Table 2; Figure 2 ). Similar patterns were seen for ED visits (Figure 3 ), 6 and 12 month outcomes (Table I Forest plot of risk of all-cause ED visit after hospital discharge. Multivariable models adjusted for the following variables: age, men, index hospitalization for length of stay, nonelective index admission, year of admission, 26 Charlson comorbidity score, 27 number of ED visits in previous 6 months, number of physician office visits in previous year, if seen by specialist during office visit in previous year, rural postal code, intensive care unit stay during index hospitalization, saw specialist during index hospitalization, long-term care admission during first 30 days after discharge, previous myocardial infarction or revascularization, diabetes mellitus, dementia, atrial fibrillation, hypertension, chronic obstruction pulmonary disease, anemia, cerebrovascular disease, renal disease, cancer, and peripheral vascular disease. aHR indicates adjusted hazard ratio.
in the online-only Data Supplement), and analyses restricted to HF-specific readmissions (Table II in 
Conjoint Influence of Teaching Status and Day of Discharge
Using weekend discharge from a nonteaching hospital as the reference category and adjusting for an extensive list of covariates (see footnote to Table 2 for complete list), the risk of death or readmission at 30 days was statistically significantly lower in those patients discharged on a weekday from a nonteaching hospital (aHR, 0.85; 95% CI, 0.77-0.94), on a weekend from a teaching hospital (aHR, 0.80; 95% CI, 0.69-0.92), or on a weekday from a teaching hospital (aHR, 0.71; 95% CI, 0.63-0.79; Table 2 ; Figure 2) . Analyses of the 83% CI around each of these point estimates revealed that even after adjusting for covariates, the risk of death or nonelective readmission was statistically significantly lower in patients discharged from teaching hospitals on weekdays (aHR, 0.71; 83% CI, 0.65-0.76) than nonteaching hospitals on weekdays (aHR, 0.85; 83% CI, 0.79-0.91). Similar patterns were seen for 90-day risk of death/nonelective readmission (Table 2) , 30 day/90 day risks of ED visits or nonelective readmission (Figure 3 ), 6 and 12 month outcomes (Table I in the onlineonly Data Supplement), and analyses restricted to HF-specific readmissions (Table II in the online-only Data Supplement). In our prespecified sensitivity analysis focusing only on the 1866 patients with HF discharged in July during the decade we studied, patients discharged from teaching hospitals still exhibited lower risk of 30-day death/nonelective readmission (18.2% versus 21.6%; aHR, 0.73; 95% CI, 0.56-0.95) than patients discharged from nonteaching hospitals.
Discussion
In summary, we found that discharges from teaching (versus nonteaching) hospitals and on weekdays (versus weekends) had higher risk profiles but were associated with lower crude and adjusted risk of 30-day death or all-cause nonelective readmission. In an analysis stratified for both factors, we found a gradient of risk, whereby the adjusted risk was the lowest for discharges on weekdays from teaching hospitals and the highest for discharges on weekends from nonteaching hospitals. The relative excess risks attributable to being discharged from a nonteaching hospital or on a weekend were similar.
Although some may theorize that the better outcomes in teaching hospitals are attributable to the presence of housestaff, the fact that the associations were similar in July (when housestaff are inexperienced and less efficient) as in the other months of the year would argue against this being the sole factor. Indeed, our data would suggest that other mechanisms are in play at teaching hospitals that improve postdischarge outcomes beyond the mere presence of housestaff. For example, teaching hospitals may have more experienced physicians and nurses, standardized algorithms in place for HF management, and better access to resources for patient education and prompt outpatient follow-up (including specialized multidisciplinary HF clinics, which have already been shown to improve outcomes in Alberta). 29 Other potential factors that may explain the association between weekend and nonteaching hospital discharges and increased risk include reduced staffing (of physicians, nurses, and other allied healthcare workers), physician cross-coverage, incomplete handover between professional care givers, limited support services (such as consultation services or diagnostic imaging), and decreased availability of community services (including home care and social support services). 1, 3, 13, 30 For example, in the GWTG-HF Registry, patients with HF discharged on a weekend received less complete discharge instructions than those discharged on weekdays and were less likely to have their left ventricular ejection fraction measured. 6 Given that early follow-up postdischarge 31 is associated with better outcomes, future studies should explore whether patterns of patient follow-up differ after discharge from teaching versus nonteaching hospitals or for weekend versus weekday discharges.
To our knowledge, only the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure (OPTIMIZE-HF) registry, which included 48 612 patients from 259 US hospitals, examined day of discharge and postdischarge outcomes, and they reported no differences in 60-and 90-day death or rehospitalization rates after discharge regardless of day of the week. 15 These investigators studied registry patients as opposed to a population-based sample, and they did not examine teaching status of hospitals or other factors known to influence risk of postdischarge outcomes, such as urgency of index admission (elective/nonelective), intensive care use, treatment by a specialist, and healthcare use before the hospitalizaton. Thus, we think our study adds novel insights to the literature on this topic.
Although we were able to capture all interactions with the healthcare system in a single payer system with universal free access, there are some limitations to our study. First, we used administrative data, which precludes fully adjusting for severity of HF or functional class, although we used proxies such as need for intensive care unit support or specialist involvement during the hospitalization and admission from/discharge to long-term care facility. 32, 33 Second, although the baseline characteristics differed between those patients with HF discharged from teaching hospitals and those discharged from nonteaching hospitals, teaching hospital patients actually exhibited a greater burden of disease such that the differences would have been expected to bias our study findings toward the null. Third, although we limited our comparisons between hospitals to those with and without teaching programs, we recognize that independent of teaching status, hospitals with larger case volumes and those that participate in clinical trials (and other facets of the academic enterprise) tend to deliver better quality of care and achieve better outcomes than those which do not so participate. 34, 35 Fourth, we did not have access to process of care measures such as diagnostic testing or prescribing data and, thus, cannot determine whether patients discharged from teaching hospitals received better quality of care nor whether these patients were more adherent with evidence-based prescriptions or testing recommendations made by their attending physicians. However, many of these process of care measures do not seem to predict patient-relevant morbidity and mortality outcomes accurately in HF. 36, 37 Fifth, although postdischarge follow-up by specialists has been associated with better outcomes, we were unable to adjust for patterns of outpatient follow-up in this study. 38 Finally, and most importantly, we acknowledge that death or readmission soon after discharge for patients with HF does not necessarily mean that the quality of care during the preceding hospitalization was suboptimal or that these deaths or readmissions were even potentially preventable. Many factors influence postdischarge mortality and readmission and quality of inpatient care is only one.
39,40
Conclusions
We found that patients with HF who were discharged from a teaching hospital and discharged during the week had the best outcomes, despite having higher risk profiles. The structures and processes of care involved in weekday discharges from teaching hospitals should be studied in more detail to identify key factors that could be emulated by nonteaching hospitals and key processes that need to be included even for weekend discharges to optimize outcomes for all patients with HF.
